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INTRODUCTION 
Mastitis remains the most costly disease of dairy cattle. The 
annual loss to the dairy industry in the United States from this 
disease has been estimated between $225 and $500 million per year 
(6). Ninety to 95% of infectious mastitis is reported to be associated 
with Streptococcus agalactiae or Staphylococcus spp. 
Staphylococcus aureus and others of the family Micrococcaceae are 
reported to be the second most commonly found udder pathogens (1,6) .  
The pathogenesis of staphylococcic mastitis remains poorly understood. 
Some research data have indicated that the disease is essentially 
contagious, and that the source of the organism is an infected udder, 
and transmission is accomplished through milker's hands and through 
milking equipment (12, 36, 39, 50). Other data have indicated that the 
organisms involved are mo)�e or less ubiquitous on the body of the 
dairy cow and in her environment, and that these organisms act as 
opportunists whose virulence is increased by certain predisposing 
factors (5,15,38,40,41,45, 56, 58, 59). 
Numerous studies have been undertaken to investigate the 
ecology of staphylococci on the body of dairy cows and in their environ­
ment (ll,13, 16, 20, 31,42,47, 54) . In most instances some method or 
medium was employed to select staphylococci with a particular 
characteristic or set of characteristics thought to be associated 
with pathogenicity. 
A study of the ecology as well ·as the persistence and changes in 
characteristics of the micrococcil of the bovine udder, especia lly 
the skin of the teat, the streak cana l and the g land as determined 
by the organisms in the milk, was undertaken in order to provide 
useful information in regard to the source of infection in bovine 
mastitis caused by micrococci. Since no characteristics have been 
determined which are definitely associated with pathogenicity 
(4,7, 24) it seemed unwise to arbitrarily exclude one type of 
organism or another from the study. Therefore, an attempt was made 
to isolate and to partially characterize all micrococci found in the 
body areas studied. 
lrn this study gram positive, spherical organisms which occurred 
in clusters and produced catalase are referred to as micrococci. 
The vernacular name, micrococci, as used in Bergey's Manual of 
Determinative Bacteriology, 7th edition, pp. 454-455, genera lly 
includes all the organisms of the fami ly Micrococcaceae. Because of 
the methods used for isolating organisms in this investigation, only 
the organisms capable of aerobic growth are included. This encompasses 
mainly organisms of the genera Staphylococcus and Micrococcus but 
since no attempt was made to distinguish them, organisms of the genera 
Gaffkya and Sarcina are included. Organisms of the latter 2 genera 
were classified as Staphylococcus sp. or Micrococcus sp. according to 
their ability to form acid from glucose under anaerobic conditions. 
2 
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REVIEW OF LITERATURE 
Pr�or to 1890, it was theorized that milk within the clinically 
healthy udder was germ free. Since that time it has been demonstrated 
that milk drawn aseptically from apparently normal udders is seldom 
sterile. Studies conducted around the turn of the century indicated 
that organisms with general characteristics of the family Micrococcaceae 
.. 
were frequently recovered from such milk (44). 
In 19 16, Evans ( 17) reported the study of 192 aseptically drawn 
milk samples from 16 1 cows in five widely separated dairies. Of 
these samples, 8 3. 9% were found to have sufficient numbers of 
bacteria to indicate that the organisms were multiplying in the 
udder. Micrococci or staphylococci were isolated from 58. 8% of the 
192 samples. 1 This represented the most prevalent type of organism 
identified. It was concluded that there is a definite udder flora 
comprised of bacteria some of which belong to the parasitic types. 
Many of the udder bacteria were found to be of the same type which 
commonly inhabit the skin and mucous membranes of man and animals. 
lsecause of the changes in nomenclature and the difficulties 
encountered in differentiating the genera of the family Micrococcaceae 
terms Staphylococcus and Micrococcus do not have uniform meanings 
throughout the literature. In this review of the literature the author 
has generally utilized the terms as presented in the original publication, 
with modifications only where it was deemed necessary for clarity. 
The majority of these organisms were thought to be non-virulent, 
but pathogenic varieties (as determined by rabbit inoculation) 
were also found in apparently healthy udders. 
Literature has been cited from as early as 1889 reporting the 
finding of micrococci or staphylococci associated with clinical 
mastitis (44) . 
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In 1918, a study revealed that 24 of 8 1  cases of clinical mastitis 
were associated with micrococci. Most of these cases were mild. A 
great similarity was found among the rnicrococci isolated from normal 
and inflamed udders. It was concluded that the principal sources 
of rnicrococci mastitis were apparently normal cows which had udder 
infections and the organisms were carried readily on the hands from 
cow to cow (25) . 
A study carried out in 1935 disclosed that staphylococci isolated 
from superficial abscesses of the skin of the udder were capable of 
causing acute mastitis when introduced into the udder. With the 
methods used, these organisms could not be differentiated from the 
organisms isolated from quarters with staphylococcic mastitis (28) . 
Until the 1940's Streptococcus agalactiae was apparently 
the major cause of clinical bovine rnastitis. During this era 
chemotherapeutic agents were introduced which were effective in 
treating this type of mastitis. The transrnissiblity of 
Streptococcus agalactiae had been recognized and effective control 
measures had been introduced. With the reduction of the incidence of 
mastitis due to Streptococcus agalactiae the role played by 
micrococci as causative agents of mastitis became more apparent. 
At the same time, several major changes in dairy cow management 
practices occurred which possibly caused an actual increase in the 
incidence of staphylococcic mastitis along with the increased recog­
nition of the disease. This in turn brought about a greater interest 
in the pathogenesis of staphylococcic mastitis. 
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Prior to 1943, there was little information concerning the source 
of the staphylococci which infect the udder. It was recognized 
that they are more or less ubiquitous in nature and occur in many 
diseases· of man and animals, such as infections of the skin and nasal 
and cral passages. It was established at this time that a strain 
derived from a human infection could produce mastitis when inoculated 
into the streak canal of a cow. It was theorized that these organisms 
could be introduced into the herd by a milker suffering from such 
an infection. Once an active strain of S. aureus was established 
in one or two cows, the infection could possibly spread to other 
animals in the herd through milking (35) . 
Attempts to control staphylococcic mastitis by means which have 
been successful in controlling Streptococcus agalactiae mastitis 
produced conflicting results. 
Extensive work carried out in 1939 with 160 cows in 4 different 
herds and extending from 3 months to 6 years in duration produced 
results which indicated that infection with hemolytic or coagulase 
positive staphylococci cannot be controlled by segregation and 
replacement of infected animals with first calf heifers (44) . 
In another large dairy herd, complete segregation of Staphylo­
coccus infected animals from non-infected animals over a period of 
4 years led to a reduction in spread among the uninfected animals. 
This observation pointed to the milking act as an important factor 
in the spread of the infection and a question was raised as to 
whether the strains encountered occurred only in the bovine 
mammary gland (49) . 
During the 1940's, the white blood cell content of the milk 
was being utilized more uniformly as the criterion for judging 
the extent of inflammation existing within the udder. Prior to 
this, clinical signs were utilized in determining whether mastitis 
existed. By using the more accurate diagnostic criterion, it became 
apparent that micrococci were to be found in udders with all levels 
of inflammation from completely normal to acute clinical mastitis. 
Exactly how many cells milk may contain and still be considered 
to have come from a "normal" gland has not been agreed upon. Various 
workers have considered the upper limit of normal to be as low as 
21, 000 cells per ml to as high as 900,000 per ml (34) . At present 
300, 000 to 500,000 cells per ml of midmilk (milk taken from the udder 
after several streams have been discarded) is generally considered 
the upper range for milk from a normal gland ( 1,6, 10) . 
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In 1947 McEwen (32) studied a herd with about 180 cows over a 
period of 14 months. His work revealed that 170 quarters were infected 
with coagulase positive Staphylococcus aureus. Of these, 3 1. 8% had 
a white blood cell content of 250,000 to 1 million per ml and the 
remainder did not have elevated cell counts. Of 26 quarters 
infected with coagulase negative, hemolytic staphylococci 7. 7% had 
milk with cell counts greater than 250,000 but less than 1 million. 
Another 7.7% had milk with cell counts greater than 1 million. 
Seventy-six quarters were found to be infected with non-hemolytic 
micrococci. Of these 19.7% had milk with between 250, 000 and 1 
million cells per ml and five had milk with over 1 million cells 
per ml. 
Mc�wen (32) arranged the mastitis producing organisms in des­
cending order of pathogenicity. They were: 1) Streptococcus 
agalactiae 2) Streptococcus dysgalactiae 3) Streptococcus uberis 
4) coagulase positive staphylococci 5) coagulase negative, hemolytic 
staphylococci 6) non-hemolytic micrococci and 7) udder Corynebac­
terium spp. (not f. pyogenes). 
Arranged in descending degree of infectivity the order was: 
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1) Corynebacterium spp. (not C. pyogenes) 2) coagulase positive, 
hemolytic staphylococci 3) Streptococcus agalactiae 4) non-hemolytic 
micrococci S) coagulase negative, non-hemolytic staphylococci 6) 
Streptococcus uberis and 7) Streptococcus dysgalactiae. 
In an investigation involving 443 cows in six herds during a 
period of six years, 275 (62%) were found to have udders infected 
with staphylococci. Infection appeared more frequently in the hind 
quarters. A considerable fluctuation in the numbers of the 
micrococcal flora was found from one examination to the next one 
throughout the three months trial. Little relationship was found 
between the incidence of infection and the standard of hygiene 
employed. Eighty-six percent of the quarters found infected with 
staphylococci were clinically normal. The organism classified as 
Micrococcus aureus (�. aureus), hemolytic and non-hemolytic, was 
found to persist in the udder more than other types. Micrococcus 
al bus inf· 'Ction was found to be intermittent and more widespread. 
It was found that all non-hemolytic species of micrococci 
were capable of stimulating leukocyte production in excess of 
normal. Species which were apparently similar were found to have 
considerable variation in their ability to irritate the udder (8). 
The reservoir of micrococci which is the source of udder 
infection by these organisms has remained somewhat of an enigma. 
Numerous efforts have been made to locate this focus of infection. 
Some workers have concluded that the principle source of micrococci 
in mastitis is the infected udder (25,50) . 
Others believed the organisms to be more or less ubiquitous 
and suggested several possible reservoirs of infection. In some 
cases, human infections were considered the original reservoir (35) . 
In one study, swabs taken on separate days from the hands of 
milkers engaged in milking three infected herds indicated a high 
incidence of contamination of the hands. The staphylococci isolated 
from the hands of the milkers were of the same .phage types as 
those found in the milk of the cows from two of the three herds in 
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the study. In the other herd, a different type of Staphylococcus 
from any detected in the milk of the cows was present on the hands 
of the milker (16) . 
In another case in which several micrococci were isolated 
solely or chiefly from human contacts, it was concluded that: 1) 
any pathogenic Staphylococcus sp. which establishes itself in a dairy 
herd is a potential cause of mastitis. 2) The main reservoir of 
mastitis staphylococci is in adult cattle. 3) Mastitis 
staphylococci are not obligatory intrarnmary parasites but can 
maintain themselves in a number of sites. 4) The most important of 
these sites are the milk secreting tissues of the udder and the skin 
of the udder. S) Although multiplications occur in sites remote 
from the udder, the evidence suggests that most infections of such 
sites are secondary to an infected udder (13) .  
Cullen ( 10) found that�- aureus infection occurred in more cows 
than either teat canal or milk infection, and that micrococci were 
isolated most frequently from the skin of the teats, less frequently 
from the teat canal, and least frequently from the milk. 
An investigation in 19 34 indicated that organisms lodging in the 
teat duct were usually of one type or one type predominated. Evidence 
was found that organisms present only in the teat duct could cause a 
rise in leukocyte content of the milk. Treatment of chronically 
infected teat ducts with germicidal materials reduced the number of 
organisms to nil with a consequent reduction of. leukocytes in the 
milk. It was felt that toxins released from the infected teat duct 
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or bacterial breakdown products gaining entrance into the milk of 
the teat reservoir might cause the invasion of the milk by leukocytes. 
Cows with chronic duct infection were thought to be subject to the 
eventual development of mastitis by the invasion of the sinuses and 
the main gland (2 3) . 
The results of another trial indicated that the teat canal is 
an important reservoir of bacteria capable of causing an intra­
mammary infection. The majority of intramammary infections which 
developed during lactation were preceded by teat canal infection. 
It was felt that intramammary defense mechanisms may be insufficient 
if the gland is constantly reinfected from the teat canal (20) . 
Newbould ( 39) found that where the teat canal was artificially 
infected with�- aureus, the organisms could be recovered from all 
of the infected quarters for at least 3 milkings and from 61% of the 
quarters for 6 milkings, in spite of dipping the teats into a strong 
disinfectant twice daily. However, mammary infections developed 
in only 1 of 12 quarters inoculated in the teat duct with about 
600 colony forming units when the animals were milked twice daily 
and in 5 of 19 quarters, if the first post-inoculation milkings 
were omitted. Intramammary infections were determined by a rise in 
the leukocyte count of the milk. The teat duct was considered to 
be colonized when organisms were detected in successive foremilk 
samples without enrichment but no increase in leukocytes could be 
detected. On this basis it was concluded that �hen colonization 
does occur, it is only very rarely fo_llowed by intramammary infection. 
10 
The skin of the teats has commonly been found to be inhabited by 
various species of micrococci including those that are usually 
considered to be pathogenic. How long these organisms persist on 
the skin of the udder has not been definitely established. In one 
case where the skin of the teat was artifically contaminated with 
a culture of Staphyloco,-_,.us aureus, the organisms were found to 
remain on the skin for an average period of 6 days and a maximum 
of 9 days.· It was concluded that the pathogenic staphylococci 
which are frequently found on the teats of non-infected udders have 
been recently implanted on the skin by infected milking machine 
liners (16) .  
Another worker who took samples from 38 cows every two weeks 
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found that by the sixth sampling 64. 1% of the cows had shed 
staphylococci in the milk at least once and 5 1. 2% had ha·d the organisms 
on the skin at least one time. Two cows were persistent shedders of 
the organism in the milk and also had the infection consistently on 
the skin of the teat. Over a six month period, milk and skin of the 
teats of only nine cows (23. 1%) remained free of the infection through­
out the trial. It was considered that many cows harbor hemolytic 
staphylococci in an intermittent manner in the udder or on its 
surface. It was concluded that�- aureus is commonly present in the 
milk or on the surface of the teats of normal dairy cows. The 
organism is generally carried intermittently except for occasional 
persistent carriers. Such infection can persist· over a period of 
months without producing mastitis (31)� 
Spencer (54) found that the principle extra-mammary reservoirs 
of coagulase producing hemolytic micrococci were the skin of the 
teats and the teat cups of the milking machine. Hemolytic and 
coagulase positive micrococci appeared to resist disinfection with 
hypochlorite better than other micrococci. 
In  another trial, 72 samples were taken from the skin of the 
teats of quarters infected with staphylococci. Sixty-five were found 
infected with staphylococci. The skin of the teats of 18 out of 
24 non-infected quarters was also found to be infected with 
staphylococci ( 16) . 
In a study carried out in a 24 cow herd over a period of six 
years, coagulase positive staphylococci were frequently isolated 
from the skin of the udder several months before they were found 
associated with mastitis. In several cases they were associated 
with pustular dermatitis. Staphylococci were found more frequently 
on the udder and teats than on any other area and more frequently 
here than in the external orifices except for the vagina. Consecutive 
isolations were the most numerous and of the longest duration from 
the teats and the udder. Recovery of staphylococci from sites 
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other than the teats and udder seemed to be dependent upon the 
presence of large numbers of the organism on the teats and udders ( 12) . 
There is some question whether the micrococci, especially 
S. aureus, actually colonize the normal skin of the udder and 
multiply there. As has previously been stated, . a maximum survival 
time of S. aureus placed on the teat was nine days ( 16) . 
Where cows are being milked daily it is impossible to 
determine whether the presence of micr6cocci on the teats is 
13 
due to colonization of these organisms there or to continual reinfection 
of the site from other sources. One worker found that there appeared 
to be a difference between S. aureus and the coagulase negative 
staphylococci in their ability to colonize the skin. It was found 
that S. aureus does not normally colonize the skin even when 
there is a focus of infection. Each cow was found to have a 
characteristic number of staphylococci on the skin of the teats. 
One cow had consistently low S. aureus counts in spite of the fact 
that two hind quarters of this cow had chronic infection with this 
organism. Large numbers of�- aureus could not be demonstrated on 
the udder skin of several cows which had chronic infection with this 
organism in at least 1 quarter (42) . 
Considerable variation has been found in the numbers of 
organisms on the skin of different quarters of the same cow. · I t  
was suggested that localized areas of skin can differ greatly in 
their ability to support a particular bacterial species ( 1 1) .  
While the ability of the micrococci to colonize and multiply 
on the normal skin of the udder continues to be in doubt, it has 
been shown that staphylococci found in superficial abscesses of the 
skin are capable of causing mastitis when introduced into the 
udder (28) . 
In several cases, mastitis was associated with pathogens 
isolated from pustular dermatitis of the udder ( 12) . 
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Teat blemishes are apparently an important source of 
staphylococci. At any one time, about 70% of the teat blemishes are 
infected or contaminated with Se aureus. In a trial where a hygiene 
program was tested in several herds for the control of S. aureus 
mastitis, the reduction of this type of infection was much less on 
teats with chaps and sores (37). 
Other workers have found eroded teat apices particularly 
susceptible to colonization by diphtheroids and coagulase negative 
staphylococci. S. aureus was also found to colonize such areas and 
persist for several months without necessarily causing an intra­
mammary infection. It was uncertain whether this failure to infect 
the gland was due to resistance of the host or non-invasiveness of 
the organism (51). 
These findings would indicate that the organism does multiply 
on the abnormal skin of the udder, however, McEwen(32) did not find 
evidence that superficial injury to the quarters rendered them any 
more susceptible to bacterial invasion. 
Examinations of areas of the skin other than the udder and of 
the body openings have not given any indications that these are common 
sites of micrococcal infection or multiplication. In one investiga­
tion, samples were taken from the skin of the teats, hair of the 
flank and the vulva. The results of these trials induced the 
conclusion that the principal extramamrnary reservoirs for coagulase 
producing hemolytic staphylococci were the skin of the teats and 
the teat cups of the milking maching (54). 
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Nasal swabs from two herds totaling 106 dairy cows did not 
reveal the presence of�- aureus in any of them although one herd of 
63  had many cows affected with mastitis caused by�- aureus (47) . 
A study was carried out in which milk samples, teat and udder 
surfaces, five different areas of skin, and all external orifices 
were examined for staphylococci. Only coagulase positive isolates 
were considered for this study. These organisms were isolated most 
frequently from the skin of the udder. They were found occasionally 
in the sacral region. Certain strains seemed able to multiply in 
other sites, notably the perineum and possibly the vagina. It was 
concluded from this work that although multiplication occurs in sites 
remote from the udder, the evidence suggests that most infections 
of such sites are secondary to an infection of the udder ( 1 3) .  
Examinations of the environment of the dairy cow for pathogenic 
type staphylococci have yielded conflicting results. Wheat straw 
was placed in test tubes and inoculated with coagulase positive 
staphylococci. The tubes were held at temperatures from -20 C to 
37 C and the straw was examined at 3, 5, and 7 day intervals and 
weekly thereafter for 49 days. It was found that many of the 
organisms were able to remain alive on dry straw for 49 days at 
ordinary temperatures. Of 62 samples taken from the floor of the 
barn beneath the cow's udder, 47 had mannitol fermenting micrococci 
present. Only 4 of these were hemolytic and none was coagulase 
positive (54) . 
Petri dishes containing blood agar medium left open in a 
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dairy barn for four hours and then incubated for eighteen hours had 
a solid growth of coliform bacteria but some Staphylococcus spp. 
colonies were also seen. These isolates proved to be similar to 
organisms associated with rnastitis in cows housed in the barn (26). 
Variations in the bacterial population on the skin of the udder 
have been associated with differences in the environment of the 
cow. Bacterial nwnbers including mi.croc_:occi were higher when the 
cows were kept in the barn than when they were on pasture. The 
weather apparently had a marked influence on the nwnber of bacteria 
on the teats while cows were at grass. Counts were highest 
during May and October and these months also provided the most 
rain and humidity. One cow consistently had more bacteria on her 
right teats than on the left and it was assumed this was due to the 
fact that she preferred to lie on her right side (42). 
In contrast, other workers found that nwnbers of non-hemolytic 
staphylococci on the skin of the teats increased slightly toward 
the end of lactation and in July and August, while the slightly 
hemolytic staphylococci increased in numbers during the final three 
months of lactation and in July, August, and September ( 10). 
Another worker reported that the number of staphylococci 
recovered from the udder surface rose rapidly in September or October 
each year, remained high in the autumn and winter and fell 
gradually in the spring. There was a similar seasonal rise in 
numbers recovered from other areas of the skin but this occurred 
later than the rise in numbers on th� udder ( 12). 
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In a trial where various disinfectants were being used to 
wash the udder prior to milking, it was found that micrococci 
made up 75. 5% to 81.8% of the teat skin flora in the summer and from 
48.6% to 7 1. 8% of the teat skin flora in the winter. The 
percentage of coagulase positive staphylococci on the teat skin 
rose from 4.7% of all the cocci isolated in March to 39.4% in 
Ju�y. The numbers of bacteria were higher in the winter when 
the cows were housed al 1 day than in -the· summer when the cows 
were on pasture (33) . 
Predisposing factors have often been considered important in 
mastitis caused by micrococci. Improper milking procedures (5), 
amounts and types of feed (45,49), improper housing (5), and 
increased milk production (59) have all been considered as predis­
posing factors at some time. Of all the factors involved, however, 
the malfunction of the milking machine in general (5, 38, 46,58, 59) 
and specifically such things as inadequate vacuum reserve (40), 
fluctuating vacuum at the teat end (56), and improper inflation design 
(15) have been considered most frequently as important factors. 
The consideration of these areas is considered beyond the scope of 
this thesis. 
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MATERIALS AND METHODS 
I. Prelimi·- 1 .'lrY Trials 
Selection of Media 
A. Solid Media. 
A sample of milk was taken from each quarter of ten cows 
chosen at random. One drop of milk was placed upon a blood agar 
plate (Difeo blood agar base with 5% citrated bovine blood) and 
spread over the surface with a sterile glass spreader. The plates 
were incubated at 37 C for 24 hours. 
Thirty-five of these plates with a good variety of growth and 
2 to 15 well distributed colonies were selected. Each colony 
was marked with a circle on the back of the plate and a number was 
assigned to it. The morphology of the organisms in each colony 
and their Gram staining characteristics were recorded . . 
Using the method of Lederberg (27) for making replicate 
plates the organisms were transferred to 3 plates each containing 
a different selective medium. Plate 1 contained azide blood agar 
(Difeo blood agar base with 5% citrated bovine blood and 1-10, 000 
Na azide) . Plate 2 contained mannitol-salt (M-S) agar (Difeo) , 
and plate 3 contained KF streptococcus agar (Difeo) . 
These plates were then incubated at 37 C and examined at 24 
and 48 hours. A comparison of the growth on each replicate plate 
was made with growth on the original blood agar plate. Inhibitory 
properties of the various media upon each general type of bacteria 
were noted. 
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By this method it was found the KF medium was generally 
inhibitory to all the organisms found in the milk. 
The M-S medium was found to inhibit as many as half of the 
micrococci but Gram positive rods often grew freely on it. 
Azide blood agar was inhibitory to a few colonies of micrococci 
and failed to inhibit the growth of the Gram positive bacilli 
sufficiently to prevent overgrowth of the plates. 
None of these solid media met the criteria of a selective 
medium which would allow the growth of all types of micrococci 
but inhibit the growth of the Gram negative and Gram positive rods. 
B. Liquid media. 
Thirty-two colonies identified by microscopic morphology as 
micrococci were picked at random from the milk culture blood agar 
plates. These cultures were transferred to 4 tubes of· nutrient 
broth (Difeo) each containing an inhibitory ingredient. Tube 1 
contained 1- 10,000 Na azide, tube 2, 1-20,000 Na azide, tube 3, 
5% NaCl and tube 4, 7.5% NaCl. 
After 48 hours incubation at 37 C the culture tubes were 
examined for growth. There was growth in 28 of the tubes with 
1-10,000 Na azide, 32 of the tubes with 1-20,000 Na azide, 20 of 
the tubes with 5% NaCl and 18 of the tubes with 7.5% NaCl. 
These results indicated that of the randomly selected 
organisms used in this trial, none was prevented from growing by 
the presence of 1-20,000 Na, azide in nutrient·broth. Some of 
these organisms were inhibited by the higher concentration of 
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Na azide and NaCl at each of ·the concentrations used. 
Skin swabs were taken from each quarter of 10 cows. Each 
swab was placed in a tube of nutrient broth with 1-10,000 Na 
azide added. The tubes were incubated for 24 hours and one loopful 
was then streaked out on a blood agar plate. This plate was then 
incubated for 24 hours and representative colonies were picked, 
stained and examined microscopically. Growth occurred in 29 of the 
40 tubes. No organisms other than micrococci and streptococci 
were found. 
This indicated that the Gram positive and Gram negative rods 
which ordinarily inhabit the skin of the udder were inhibited by 
the Na azide sufficiently to facilitate isolation of the 
micrococci from this area. 
On the basis of the results of the above trials and-in an 
attempt to reduce the inhibitory effect of the Na azide upon the 
micrococci to a minimum it was decided that a 1-20, 000 Na azide 
nutrient broth would be utilized to culture the skin and streak 
canal swabs. 
I I .  Main Trials 
Source of Specimens 
Thirty cows, some Holsteins and some Brown Swiss, were 
utilized and were divided into three groups of 10 each. One 
group was made up entirely of first lactation heifers (pen 1), 
while the remaining two groups contained multiparous cows of 
various ages. All were in similar early stages of lactation. 
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After the first group of specimens was taken and before the 
second, 2 cows were removed from each of pens 1 and 2 for reasons 
not associated with this trial. These cows were replaced by 
other similar individuals but the data from the cows which were 
removed are not included in the results. Thus data from only 32 
quarters appear in the first specimen groups of pens 1 and 2. 
Each group of cows was housed in a separate pen within one 
large barn and there was no intermingling during the trial. All 
the subjects were milked with the same five milking machine units, 
but the heifer group (pen 1)  was milked first while the other groups 
were milked after other cows which were in the same barn but not 
included in the trial. 
Three sets of specimens were taken from each group of dairy 
cows at 4 to 6 week intervals. Milk samples were also taken 2 months 
after the last regular sample period from 10 cows which had had 
300,000 or more cells per ml of milk in one or more quarters during 
the trial period. Milk samples were taken as each cow ended her 
lactation and again at the start of her next lactation. 
Twenty Hereford beef cows which were suckling calves from 1 month 
to 8 months of age were selected at random. These cows had been 
on pasture for about 3 months prior to the specimens being taken. 
They had never been milked by any artificial means. 
These cows had been separated from their calves over night and 
the calves were turned back to the cows early on'the morning on which 
the samples were taken. The cows had thus been nursed quite dry about 
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2 hours prior to the taking of the specimens. 
Collection of Specimens 
Equipment 
A. Skin Swabs 
Applicator sticks with cotton swabs on them were forced firmly 
into corks. The corks were then inserted into 12 x 100 mm tubes 
which contained 5 ml nutrient broth (Difeo) with 1-2,000 Na azide. 
The length of the applicator sticks was adjusted so that the swab 
was suspended in the medium. The assembled specimen tubes were 
then marked with a nwnber for each cow and each quarter to be 
sampled, and autoclaved at 121 C for 15 minutes. 
B. Streak Canal Swabs 
Very small cotton swabs were rolled onto one end of double 
pointed toothpicks. The other ends of the toothpicks were forced 
firmly into corks. These corks were then inserted into 12 x 75 mm 
tubes containing 3 ml nutrient broth with 1 -20,000 Na azide. The 
swabs were thus suspended in the medium. The tubes were numbered 
like the skin swab tubes and autoclaved at 121 C for 15 minutes. 
C. Milk Samples 
Fifteen by 100 mm tubes with slip-on plastic caps were 
marked like the skin swab tubes and autoclaved at 12 1 C for 15  
minutes. 
Methods of Collection 
A. Milk Cows 
Specimens were collected from 10 · cows at one time. After the _ 
22 
cows had entered the double-5 herringbone milking parlor for the 
evening milking, the udders were washed with individual paper 
towels. The wash water contained a mild solution of organic iodine 
disinfectant. Wash time averaged no more than 1 minute. The 
udders were then dried with separate paper towels and samples were 
taken immediately. 
Skin samples were taken first. The . swab was handled by the 
cork and without touching the teat with the hand , the swab, wet 
with medium, was rubbed up and down the lateral skin of the teat 
2 to 3 times. The swab and cork were then reinserted into their 
tube of medium. 
Streak canal specim · ·ns were taken next. The end of each teat 
was scrubbed thoroughly with a pledget of cotton wet with 70% 
ethyl alcohol. The swab was handled by the cork and inserted 3-5 mm 
into the streak canal, rotated 2-3 times and replaced in its tube 
of medium. 
Milk samples were taken last. Five to 8 ml of milk were drawn 
from each quarter. The tubes were held as much as possible in the 
horizontal position while the samples were taken in order to reduce 
the chance of contamination from the environment. 
B. Beef Cows 
Specimens were taken from the beef cows using the same collecting 
equipment · and media as was used for the milk cow specimens. The 
udders were not washed prior to taking the skin samples, but the 
ends of the teats were cleaned with alcohol on cotton before streak 
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canal and milk samples were taken. The cows were restrained in a 
chute. 
Only a single set of specimens was taken from this group of 
cows. 
Culturing the Specimens 
The skin and streak canal specimens were placed in incubators 
at 37 C. After these specimens· were incubated 24 hours, one loopful 
(approximately 0.01 ml) was streaked out on one-half of a blood agar 
(Difeo blood agar base with 5%  citrated bovine blood) plate. This 
plate was incubated 24 hours at 37 C. Colonies having the appearance 
of micrococci were picked to a blood agar or nutrient agar (Difeo) 
plate. If there were colonies with obvious differences in 
pigmentation, hemolytic activity or gross morphology, one of each 
was picked, otherwise a single representative colony was selected. 
Eight isolates were placed upon each blood agar plate whi ch was 
incubated for 24 hours at 37 C. 
Within minutes after the milk samples had been secured, one 
loopful of milk was streaked out on one-half of a blood agar plate . 
These plates were incubated 24 hours at 37 C. Colonies with the 
characteristics of micrococci were then selected as with the skin 
and streak canal cultures. 
After the loopful of milk .had been taken for culture, the 
Wisconsin Mastitis Test (WMT) (57) was run upon each sample to 
estimate the number of somatic cells present in the milk. These 
findings were recorded. 
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Each isolate was examined for microscopic morphology, growth 
on M-S agar, aerobic utilization of mannitol, coagulase activity 
and anaerobic fermentation of glucose. Selected isolates were 
examined for anaerobic fermentation of mannitol. 
Classifying Isolates 
Micrococci capable of producing acid from glucose under 
anaerobic conditions were classified as Staphylococcus sp. Others 
not having this capacity were classified as Micrococcus sp. This 
procedure is in accord with the recommendation of the International 
Subcommittee on Taxonomy of Staphylococci and Micrococci (18) . 
Microscopic Morphology 
Smears of each isolate were Gram stained and examined micro­
scopically for general morphologic characteristics . The findings 
were not recorded as such since the object of the examination was to 
eliminate those isolates which did not have the morphology typical 
of micrococci. Such isolates, when found, were discarded. When 
it was questionable as to whether a certain isolate might be a member 
of the genus Streptococcus a positive catalase test was used as the 
final criterion for the micrococci. 
Examination for Pigmentation 
The color of the isolated colonies grown upon blood agar was 
noted. These colors ranged from white to dark yellow but were 
recorded only as positive or negative , positive indicating some yellow 
coloration and negative indicating a white colony or lack of pigment • 
.r 
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Examination for Hemolytic Activity 
Blood agar plates upon which the isolates were grown were 
examined grossly for zones of clearing surrounding the colonies. 
Where hemolysis in the agar was indicated by such a zone the 
organism was designated positive (hemolytic) . No attempt was 
made to distinguish between various types of hemolysis. 
Growth and Production of Acid from Mannitol Aerobically on M-S Agar 
Mannito i-salt agar (Difeo) plates upon which the isolates had 
been streaked and which were incubated in air for 24 hours, were 
examined grossly for visible colonies. Growth on M-S agar was 
recorded as positive or negative. 
A yellow zone surrounding a colony growing on M-S agar indicated 
the production of acid by the fermentation of mannitol. Such a 
colony was recorded as positive for aerobic mannitol utilization. 
Coagulase Activity 
Rabbit plasma was diluted 1 to 3 with physiologic saline and 
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0.25 ml dispensed into small tubes. A heavy inoculum of the organism 
was introduced into the plasma with a loop. The tube was then capped 
and incubated in a water bath at 37 C. A known coagulase-producing 
staphylococcus was inoculated into a similar tube of plasma and 
incubated with the unknowns for use as a control. The tubes were 
examined for clotting of the plasma 2, 4, 6, and 24 hours after 
inoculation. Those orgainisms which produced a detectable clot in 
the plasma were recorded as coagulase positive (9) .  
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Anaerobic Fermentation of Glucose 
Tubes were poured 3 inches deep with medium containing 1.0% 
Tryptone (Difeo) , 0. 1% Yeast extract (Difeo) , 1. 0% glucose, 0.004% 
Bromocresol purple and 0. 2% agar. A heavy inoculum was stabbed to 
the bottom of this semi-solid medium. A 1-2 cm layer of sterile 
mineral oil was over-layed on - the surface of the medium and the tubes 
were incubated at 3 7  C for 5 days ( 1 _8 ) . 
Yellow color, indicating acid production from glucose , extending 
to the bottom of the tube was recorded as positive anaerobic glucose 
fermentation. Where the yellow color remained at the surface or 
extended part way down the tube, or if no yellow color appeared in 
the medium, the organism was considered negative for anaerobic 
glucose fermentation ( 1 8) . 
Anaerobic Fermentation of Mannitol 
The same medium and techniques used for anaerobic glucose 
fermentat ion tests were used for anaerobic mannitol fermantation tests 
with the exception that 1. 0% mannitol replaced the glucose in the 
medium. 
Wisconsin Mastitis Test (WMT) (57) 
The milk sample was mixed thoroughly and 2 ml were pipetted into 
special plastic 12. 1  x 130 mm tubes. These tubes have a breather hole 
about half way up one side, and 10 tubes were held in a specially 
designed r�ck. Using a continuous pipetting outfit with a 4 inch 
canula, two 1 ml portions of the WMT reagent were quickly delivered 
beneath the surface of the milk in each tube. 
Each tube was promptly capped with a special brass cap with 
a 1. 09 - 1. 10 mm hole in it. Within 30 seconds of adding the 
reagent to the tubes, the milk-reagent was thoroughly mixed by holding 
the rack nearly horizontal and tilting it back and forth permitting 
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the liquid to run forward to the cap ten times and return. This mixing 
action was completed within 10 seconds. 
After making certain that the caps were secure, the rack was 
inverted and held � n  a vertical position for exactly 15 seconds, 
allowing the milk-reagent to drain through the holes in the caps. 
At the end of this time the tubes were allowed to sit upright for 
at least one minute to permit the liquid to drain down the sides of 
the tubes. 
The number of somatic cells present in each sample was 
estimated by measuring the amount of liquid remaining in each tube 
with an especially designed calibrated scale from which is read the 
number of cells (5 7) .  
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RESULTS AND DISCUSSION 
I. Preliminary Trials 
Media used by other workers in trials similar to this one 
have generally been designed to select organisms with specific 
characteris tics, especially the coagulase positive s taphylococci. 
B_ecause it was the purpose of this work to attempt to isolate all the 
staphylococci and micrococci present in the anatomical regions s tudied, 
a brief preliminary trial was conducted to learn if some of the media 
commonly used for the isolation of s taphylococci would prove of value. 
When isolates on blood agar were replica plated onto KF , azide 
blood agar (1-10, 000) and M-S agar, these were found to be 
unsatisfactory for the isolation of the micrococci from skin or streak 
canal swabs. KF agar was found to be too highly inhibitory to be of 
use in the study. M-S agar inhibited many of the micrococci and 
failed to inhibit the Gram positive rods sufficiently . Azide 
blood agar came closes t to fitting the criteria of allowing the 
growth of all micrococci and inhibiting as many other forms as 
pos sible. At 1- 10, 000, Na azide was slightly inhibitory to all 
micrococci and completely prevented the growth of some species of 
this family. It inhibited the Gram negative rods adequately, but 
allowed the growth of some of the Gram positive bacilli. 
Nutrient broth (Difeo) with 1-20, 000 Na azide added proved 
to be an acceptable medium in which to incubate skin and s treak 
canal specimens for the future isolation of micrococci. There is 
no means of knowing how many organisms of this type were inhibited 
by this medium and thus missed in the isolation attempts. The 
preliminary trials herein cited indicate that most of the micrococci 
grow well in this medium. Little trouble was encountered with 
Gram negative or Gram positive bacilli when blood agar plates were 
streaked from this medium. Attempts to isolate micrococci from 
the skin and streak canal without the use of some inhibitory medium 
almost invariably resulted in the plates being overgrown by Proteus 
spp. and/or Gram positive bacilli. It has been demonstrated that 
S. aureus is inhibited by concentrations of Na azide up to 1 : 15, 000 
in the presence of glucose, however, when no glucose is present this 
organism grows fairly well in concentrations of up to 1: 5, 000 Na 
azide (29) .  
II. Main Trials 
A. Character of the Isolates 
The classification of organisms of the family Micrococcaceae 
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remains unsettled. Although separation of staphylococci from micrococci 
on the basis of their ability to produce acid from glucose anaerobically 
has been suggested ( 18) , this taxonomic division has not been universally 
accepted. There is considerable question as to whether the family should 
contain more than one genus. Changes in the ability of specific strains 
to ferment sugars, produce coagulase, as well as other characteristics 
have been shown to occur through mutation as well as transduction (2, 22, 
4 3 , 4 6) . 
When organisms of the genera, Micrococcus and Staphylococcus are 
divided on the basis of their ability _ to produce acid from 
glucose under anaerobic conditions, none of the characteristics 
examined for in this study, with the exception of the production of 
coagu lase, was found exclusively in organisms of either genus . None 
of the Micrococcus spp . isolated in this trial was found to produce 
coagulase (Tables 1 and 11). 
B The Dairy Cows . 
Among the milk cow groups, micrococci were recovered most 
frequently from the milk of the heifers (pen 1). The difference 
was almost entirely in the frequency of recovery of Micrococcus spp. 
(Tables 2a, 2b, 2c) . 
Micrococci were recovered from 27 (25%) of the 104 quarter 
samples taken on day 1 .  Seventeen of these isolates were Micrococcus 
spp. , 8 Staphylococcus spp . , and 2 samples had both types of 
organisms present a Milk taken from these same quarters 5 months later 
had 47 Micrococcus spp . , 14 Staphylococcus spp. , and one mixed culture 
for a total of 62 (5 1 . 6%) (Fig. 1). 
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These figures indicate a continual increase in the number of 
quarters infected with micrococci throughout a lactation. The universal 
existance of this trend cannot be definitely established by examining 
one group of cows through one lactation . The results of other investi­
gations have indicated that infections associated with coagulas.e positive 
staphylococci increase progressively from first to later lactations 
but infections by coagulase negative staphylococci and micrococci do 
not (32). 
The number of streak canals and teats with skin infected with 
mi crococci increased as the lactation progressed . (Fig . 1). 
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Table 1. Characteristics of micrococci isolated from the milk, streak 
canal, and teat skin of a group of dairy cows. 
Characteristics of Staphylococcus spp. 
Coagulase Production 
Number 
Per cent 
Pigment Production 
Number 
Per cent 
Hemolysin Production* 
Number 
Per cent 
Growth on M-S agar 
Number 
Per cent 
Acid from manni tol on M-S agar (aerobic) 
Number 
Per cent 
Characteristics of Microco�cus spp. 
Pigment Production 
Number 
Per cent 
Hemolysin Production 
Number 
Per cent 
Growth on M-S agar 
Number 
Per cent 
Acid from rnannitol on M-S agar (�erobic) 
Number 
Per cent 
Milk 
0 
0 
46 
52.4 
55  
60. 6 
80 
90. 9 
1 1  
12. 3 
4 8  
33.0 
68 
46. 6 
125 
86.0 
67 
46. 3 
Source 
Streak 
Canal 
9 
6.4 
38 
26. 8 
74 
8 7. 3 
124 
8 7. 3 
86 
60. 6  
29 
20. 6 
9 2  
66. 6 
134 
96. 8  
105 
76. 1 
Teat 
Skin 
6 
3. 1 
1 1 8  
6 1 . 9  
138 
7 1 . 5  
162 
84. 8 
9 2  
48.0 
8 2  
60.0 
1 1 8  
86.0 
134 
9 7 . 6  
96 
69. 6  
*Hemolytic activity of any extent on blood agar was considered posttive. 
No attempt - was made to distinguish the various types of hemolysis . 
#Any yellow coloration was considered positive for pigment production. 
Tab le 2a . Frequency dis tribution of mi crococci in the mi lk , in the s treak canal and 
on the teat skin of a group of dairy cows . pen 1 
Specimen Number 
Group Day Specimens 
1 1 3 2  
2 4 1  40 
3 68 40 
Post Trial*  76 
TOTAL 1 8 8  
Per cent o f  Total 
1 1 3 2  
2 4 1  40 
3 68 40 
TOTAL 11 2  
Per cent of  Total 
1 1 32  
2 41  40 
3 68  40 
TOTAL 112 
Per cent of Total 
Number 
Positive for 
Mi crococci 
9 
2 2  
2 3  
44 
9 8  
5 2 . 1  
9 
32  
32 
73 
65 . 2  
2 7  
2 7  
3 1  
9 5  
84. 8 
Number 
Pos itive for 
Staphylococcus spp . 
Mi lk 
3 
7 
0 
1 5  
25  
1 3 . 3  
Streak Canal 
6 
1 5  
4 
25 
2 2 . 3  
Skin 
1 2  
2 3  
8 
43 
38. 4 
Number 
Pos itive for 
Micrococcus spp . 
5 
11 
2 3  
25  
64 
34 . 0  
3 
1 5  
2 8  
46 
4 1 . 0  
10 
1 3  
2 0  
4 3  
38. 4 
Number 
Pos i tive 
for Both 
1 
4 
0 
4 
9 
4. 78 
0 
2 
0 
2 
1 . 8  
5 
1 
3 
9 
8.0 
*Milk samples were taken at the time the cow ended her l actation and at the beginning of  the 
next lactation . 
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Tab le 2b . Frequency dis tribution of micrococci in the mi lk , in the s treak canal and 
on the teat skin of  a group of dairy cows , pen 2 
Specimen 
Group Day 
1 1 
2 31  
3 67 
Pos t Trial * 
TOTAL 
Per cent of Total 
1 
2 
3 
TOTAL 
1 
3 1  
67  
Per cent of  Total 
1 
2 
3 
TOTAL 
1 
31  
67 
Per cent of Total 
Number 
Number Pos itive for 
Specimens Micrococci 
32 
40 
40 
68 
1 80 
32 
40 
40 
1 1 2  
32  
40 
40 
1 1 2  
6 
9 
2 1  
30 
66 
36 . 7 
26 
24 
39 
79 . 5  
1 8  
26 
40 
84 
75 . 0  
Number Number 
Pos i tive for Pos it ive for 
Staphylococcus spp . Micrococcus spp . 
Mi lk 
2 
4 
6 
1 5  
2 7  
1 5 . 0  
Streak Canal 
1 7  
1 1  
1 1  
39 
34 . 8  
Skin 
14  
1 7  
1 3  
44  
39 . 3  
4 
5 
1 5  
1 4  
38  
2 1 . 1  
9 
1 2  
24 
45  
40 . 2  
4 
5 
1 2  
2 1  
1 8 . 8  
Number 
Pos itive 
for Both 
0 
0 
0 
1 
1 
. 6  
0 
1 
4 
s 
4 . 5  
0 
4 
1 5  
19 
1 7 . 0  
*Milk samples were taken at the time the cow ended her l actation and at the beginning of the 
next lactation . 
� 
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Tab le 2c . Frequency distribution of micrococci in the mi lk , in the s treak canal and 
on the teat skin of a group of dairy cows , pen 3 
Specimen 
Group Day 
1 1 
2 2 1  
3 55 
Pos t Trial * 
TOTAL 
Per cent of Total 
1 
2 
3 
TOTAL 
1 
21 
55  
Per cent of Total 
1 
2 
3 
TOTAL 
1 
2 1  
55 
Per cent of Total 
Number 
Number Pos itive for 
Specimens Mi crococci 
40 
40 
40 
68 
188 
40 
40 
40 
120 
40 
40 
40 
12 
16  
17  
1 1  
56 
29. 8 
3 1  
38 
38 
107 
89.2 
34 
40 
39 
1 1 3 
94. 2  
Number Number 
Pos i tive fo� Pos i tive for 
Staphylococcus spp . · Micrococcus spp . 
Mi lk 
3 
5 
7 
8 
23 
12.2 
Streak Canal 
27 
2 1 
19  
67  
5 5 . 8  
Skin 
28 
27 
1 3  
56.7 
8 
9 
9 
3 
29 
15.4 
3 
14 
19 
36 
30 
6 
9 
22 
37 
30.8  
Number 
Pos itive 
for Both 
1 
2 
I 
0 
4 
2. 1  
1 
3 
0 
4 
3 . 3  
0 
4 
4 
8 
6 . 7  
*Mi lk samples were taken at the time the cow ended her l actation and at the beginning of the 
next lactation .  
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Figure 1 .  Micrococci (%) iso lated from the m ilk, s treak canal and t eat skin of a group of dairy 
cows at 4 to 6 week intervals during a lactation. 
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Of the 104 samples taken on day 1, 66 (63 .4%) of the streak canals 
were infected and 79 (75.8%) of the teats had micrococci on the 
skin. Of the 120 samples taken 5 months later, 109 (90. 8%) of 
the streak canals and 1 10 (9 1. 6%) of the skin of the teats were 
found infected (Fig . 1) . 
Recovery of micrococci was consistently made with greater 
frequency from the streak canal and the teat skin than from the 
milk in all cows from which specimens were taken. (Fig. l, Tables 
2a, 2b, 2c, and 10) . 
This is in agreement with findings previously reported where 
the teat skin of 18 out of 24 quarters was found to be infected and 
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no organisms could be demonstrated in the milk ; also of 72 quarters 
infected with staphylococci, 65 had the organism on the skin ( 16) . The 
results also agree with more recent findings where all types of 
micrococci were found more frequently on the teat skin and in the 
streak canal than in the milk from the quarter. Infection of the 
streak canal with no co-existing gland infection has also been reported 
( 10) . 
It has been suggested that persistent teat canal infections are a 
maj or source of intramamrnary infection ( 19,23) . Evidence of this is 
found only in 1 of the 120 quarters of the milk cows in the present 
trial (Tables 3 and 4, quarter 2345-3) . 
In this instance a StaEhtlococcus sp. was isolated from the 
streak canal and the milk from each of the 3 samples taken during the 
trial. These isolates were consistent in their ability to utilize 
glucose under anaerobic conditions and to grow on M-S agar. 
Tab le 3 .  
guarter 
267 1 - 2  
26 78-2 
2575 - 3  
2581 - 4  
A comparison o f  the characteris ti cs o f  micrococci i so lated from 3 succes sive 
quarter mi lk s ampl es taken at intervals of 4 to 6 weeks from a group of 
dairy cows . 
Sample  
Number 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Acid from 
Glucos e -
Anaerobic  
Mannito l -Salt  
Growth Acid 
+ 
+ 
+ 
+ + 
+ 
+ 
+ + 
+ + 
+ + 
+ + 
+ + 
Hemo lysis  Pigment 
+ 
+ 
+ 
Coagulas e  
+ = positive for the reaction or  characteristic . = negative for the reaction or characteristic . 
vi 
00 
Table 3 .  (continued) A comparison of the characteris tics of micrococci· isolated from 3 
successive quarter milk srunpl es taken at intervals  of 4 to 6 weeks from a group 
of dairy cows . 
guarter 
2 34 5- 3 
2 5 37 - 1  
2537 - 4  
Samp l e  
Number 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Acid from 
Glucos e -
Anaerobic 
+ 
+ 
+ 
Mannitol-Salt 
Growth Acid  
+ 
+ 
+ 
+ 
+ + 
+ + 
+ 
+ + 
+ + 
Hemolysis Pigment 
+ 
+ 
Coagulas e 
+ = positive for the reaction or characterist ic . = negative for the reaction or characteristic 
� � 
Tab le 4 .  
_Quarter. 
807 - 2  
242 5 - 3  
2425 - 4  
2575 - 1 
A comparison of the characteristi cs of rnicrococci i s o lated from .  3 succes s ive s treak 
canal s amp les taken at intervals of 4 to 6 weeks from a group of  dairy cows . 
Sample  
Number 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Acid from 
Glucos e 
Anaerobi c  
+ 
+ 
+ 
+ 
+ 
+ 
Mannitol -Salt 
Growth Acid 
+ 
+ 
+ 
+ + 
+ 
+ + 
+ 
+ + 
+ + 
Hemoly:sis  Pigment Coagulas e  
+ 
+ 
+ + 
+ 
+ 
+ 
+ 
+ = positive for the reaction or characteristi c . = negative for the reaction or characteristic . 
� 
0 
Tab le 4 .  (continued) A comparison of the characteristics of micrococci iso l ated from 3 
successive streak canal s amples taken at intervals of 4 to 6 weeks from a group 
of dairy cows . 
9.uarter 
2575 - 2  
2530 - 2 
262 7- 1 
2345 -3  
Sample  
Number 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Acid from 
G lucos e -
Anaerobic  
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Mannito l -Salt 
Growth Acid 
+ + 
+ + 
+ + 
+ + 
+ + 
+ 
+ + 
+ 
+ + 
+ 
+ + 
+ + 
Hemo l_lsis  Pigment 
+ 
+ 
+ + 
+ + 
+ + 
+ + 
+ 
+ 
+ 
Coagulas e  
+ 
+ = positive for the reaction or characteristic . = negative for the reaction or characteristic . 
� 
� 
Table 4. (continued) A comparison of the characteristics of micrococci isolated from 3 
successive streak canal samples taken at intervals of 4 to 6 weeks from a group 
of dairy cows. 
9.uarter 
2537 - 1 
2 537-3 
26 7 1 - 3 
Sample 
Number 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Acid from 
Glucose -
Anaerobic 
+ 
+ 
+ 
Mannitol-Salt 
Growth Acid 
+ + 
+ + 
+ + 
+ + 
+ 
+ + 
+ + 
+ + 
Hemolrsis Pi_g:ment 
+ 
+ 
+ 
+ + 
+ 
+ 
Coagulase 
+ = positive for the reaction or characteristic. = negative for the reaction or characteristic. 
� 
N 
However, the organisms isolated from the milk consistently were 
unable to produce acid from mannitol in the presence of oxygen 
while 2 of the 3 isolates from the streak canal were able to produce 
acid from mannitol. Isolates from both sites varied from one sample 
to the next in their hemolytic ability. Therefore, the question 
remains as to whether the organisms isolated were actually the 
�ame strain each time from both sites. 
Evidence is seen that some types of · micrococci do colonize 
43 
the streak canal for extended periods although minor variations occur 
in the characterisitics of the isolates (Table 4 and 5) . A Micrococcus 
sp. with identical characteristics and a very distinctive colony 
morphology (low, spreading, granular) was isolated from the streak 
canals of quarters 3 and 4 of cow 2851 a month apart (Table 6c) . 
This organism was never recovered from the milk of these 2 quarters 
and a Staphylococcus spp. was recovered from these sites on the 
previous sampling. 
Only fifteen coagulase producing staphylococci were recovered 
from the milk cows during the entire trial (Table 1) . None of these 
was recovered from the milk . Nine were recovered from the streak 
canal and 6 from the skin. Thirteen were found in the first samples 
taken from cows in pen 2, and none was found in samples taken later 
from this group or in any of the samples taken from cows in pen 3. 
A coagulase positive staphylococcus was recovered from the teat 
skin of one of the heifers and the streak canal �f another in the 
second set of samples taken from this group (pen 1) . None was 
Tab le Sa . Frequency of recovery of mi crococci from the s treak canal of a group of dairy cows 
over a period of 5 months . Pen 1 
Cow 
266 1 2692 
Quarter 
1 2 3 4 1 2 3 4 
Month 
1 *  - - s s M - - -
s 
3** M S  M S  - s s s 
4# . X  X X  x · M M  S M  
M = Micrococcus spp . 
* = Day 1 ,  Tab le 2a 
2695 
1 2 3 4 
X X X X 
- - M -
M M M M  
2666 
1 2 3 4 
- - - -
M M  S M  
M M M M  
2654 
1 2 3 4 
- - s -
- M S -
S M S M 
S = Staphylococcus spp . 
* * = Day 4 1 , Tab le 2a 
2652  26 7 1  
1 2 3 4 1 2 3 4 
- - s - S S M -
M 
M - M S M M  M S  
M 
M M M M  M M M M  
26 78  
1 2 3 4 
- - - -
M 
S M S S 
M M M M  
2699 
1 2 3 4 
X X X X 
S S S M 
M M  M S  
x = No specimens taken on this  date 
# = Day 6 8 , Tab le 2a  
26 5 8  
1 2 3 4 
M 
s M 
M - S M 
.j::l,. 
.j::l,. 
Tab le Sb . Frequency of recovery of micrococci from the s treak canal of  a group of dairy cows 
over a period of 5 months . Pen 1 
Cow 
85 7 2 593  26 24 2606 26 1 5  
Quarter 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
Month 
1 *  M S  S M  X X X X S - M S X X X X - S M -
s 
2**  - S - - s s s s S - M - - M M  M M M  S M  
M M M 
4# . M S M M  M M  M M  M M S S S M  M M  S S M M 
M = Micrococcus sp . S = Staphylococcus sp . 
* = Day 1 ,  Tab le 2b * * = Day 3 1 , Tab le 2b 
2 5 79 
1 2 3 4 
s s s 
- M S -
M M  M S  
26 2 1  
1 2 3 4 
s s 
S S M S  
- - - -
M S  M S  
2425  25 8 3  
1 2 3 4 1 2 3 4 
S S M M - M x -
S S M M M S  M 
M 
S S M M - S M M 
x = No specimen taken on this  date 
# = Day 6 7 ,  Tab le  2b 
2 344 
1 2 3 4 
s s s s 
M - - -
M 
S M S S 
� u, 
Table Sc. Frequency of recovery of micrococci from the streak canal of a group of dairy cows 
over a period of 5 months. Pen 3 
Cow 
2575 2588 
Quarter 
1 2 3 4 1 2 3 4 
Month 
s s 
l *  s s s s S M S S 
M M  
2 * *  S S M  S S M M S 
3# S S S M M S S M 
M = Micrococcus sp. 
* = Day 1, Table 2c 
2530 258 1 2627 2477 864 2 345 25 1 1  
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
s M 
M S S S M S S M S S S s s - s - - s - - - s s S M S  -
S S M M s 
S M  M M  M S  M M  s - s s S M S S M S  M S  M - S S M S  M S  
S S M S - M M M S M S M M M M M  s s s s M S S M M S S 
S = Staphylococcus sp. 
* * = Day 2 1, Table 2c 
x = No specimen taken on this date 
# = Day 55 , Table 2c 
2537 
1 2 3 4 
S S M -
S S M S 
S M  M M  
+:,. 
CJ\ 
subsequently found in samples taken from this group of cows. 
These results agree with observations made by others that S. aureus 
does not colonize the norma l skin. ( 16 , 30,42) .  
There was no apparent correlation between the incidence of 
skin or streak canal infections and the incidence of micrococci 
in the milk. In pen 3 , in which the cows had the greatest incidence 
of stre_ak canal (89. 2%) and skin (94. 2%) infections, only 29. 8% of 
the milk samples contained micrococci.. _In comparison cows in pen I 
had an incidence of streak canal and teat skin infections of 65. 2% 
and 84. 8% respectively, however, 52. 1% of the milk samples 
contained micrococci (Fig. 2) . 
From these results it is impossible to say that the gland is 
a source of infection for the skin and streak canal or that these 
areas are the reservoirs for micrococci which infect the gland. 
47 
Micrococci were isolated from 2 20  (39. 5%) of the 556 milk samples 
from the dairy cows examined (Table 6) . Only 30 ( 1 3.6%) of these 
isolates were found in milk containing 300 , 0 00 or more cells per ml 
(Table 7) . This was the cell content arbitrarily chosen as the 
division between normal and mastitic milk. Of the micrococci 
associated with mastitis 17 were classifed as Staphylococcus spp. 
and 1 2  as Micrococcus spp. One quarter with mastitis had both a 
Staphylococcus sp. and a Micrococcus sp. (Table 7) . None of these 
organisms had characteristics differing greatly from the other 190 
isolates found in normal milk. 
Sp ec imens 
po s i t ive  for 
micrococc i ,  
per c ent . 
Pen 1 
� 
Mi lk  
Pen  2 Pen 3 
D 
Streak Teat 
cana l skin 
Key 
F i gure 2 .  t,t i  1 k specimens 
( % )  with micrococci compa r ed t o  t he 
streak canal and t eat skin  
specimens ( % )  with mi cro co c c i  i n  the 
same group of m i l k  cows . 
48  
49 
Table 6. Summary of the frequency distribution of micro cocci 1n the 
milk, streak canal and on the skin of the teats of 3,0 dairy 
cow s .  
% of % of 
Total micro cocci 
Number Specimens Isolated 
Milk Specimens 556 
Positive for micro cocci 220 39.5  
Positive for Staphylococcus spp. 75 13. 5  34. 1 
Positive for Micrococcus spp. 131 23. 6  59. 5 
Positive for Both 14 2. 5 6. 4 
Streak Canal Specimens 344 
Positive for micro cocci 269 78. 1 
Positive for Staphylococcus spp. 13 1 38. 1 48.7 
Positive for Micrococcus spp. 127 36.9 47. 2 
Positive for Both 1 1  · 3 . 2  4 . 1  
Teat Skin Specimens 344 
Positive for micro cocci 292 84. 8 
Positive for Staphylococcus spp. 155 45. 1 5 3 . 1 
Positive for Micro coccus spp. 10 1 29.4 35. 6 
Positive for Both 36 10.5  12. 3 
so 
Table 7. The number of micrococci isolated from dairy cow milk (quarter 
srunples) wi th a somatic cell content of 300,000 per ml or 
greater. 
Pen 1 
Specimen group Staphylococcus spp. 
1 
2 
3 
Pos t trial* 
1 
2 
3 
Post trial* 
1 
2 
3 
Post trial* 
Total 
*Milk samples were taken 
of the next lactation. 
0 
0 
0 
4 
1 
0 
2 
5 
0 
0 
3 
2 
1 7  
Pen 2 
Pen 3 
at the end of 
Micrococcus_ spp. 
0 
0 
3 
2 
0 
0 
0 
3 
1 
1 
1 
1 
1 2  
lactation and at the 
Both 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
beginning 
Tab l e  Sa . Frequency of recovery of  micrococci from the quarter mi lk of a group of  dairy cows 
over a period of  14  months . Pen 1 
Cow 
26 2 1  269 2 
Quarter 
1 2 3 4 1 2 3 4 
Month 
1 - S M -
3 S S M - - M M -
269 5 2666 
1 2 3 4 1 2 3 4 
X X X X - S M -
- M - - - s - -
2654 2652  
1 2 3 4 1 2 3 4 
- M 
26 7 1  
1 2 3 4 
- M - -
M M - S 
2678  
1 2 3 4 
- M S -
M M M  S 
2699 2 6 58  
1 2 3 4 1 2 3 4 
X X X X M - - -
S S M M M - M -
4 - M*M M M M  M M  - M - -
M - S -
M M - - M M*M M M M  M M  M*M M M  - M 
5 
6 
7 
X . X X X  X X  X X  X X  X X  X X  X X  X X  X X  - - - - X X  X X  
X X  X X  X X  X X  X X  X X  s s - - X X  X X  X X  X X  M*S S* -
X X X X X X X X X X X X X X X X X X X X 
X X X X X X X X X X X X 
� X X X - M M M X X X X 
X X X X X X X X 
8 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
9 X X X X M - - S X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
10 X X  X X  X X  X X  M M  S M  X X  X X  X X  X X  X X  X X  X X  X X  X X  X X  X X  X X  X X  X X  
1 1  
1 3  
14 
S M M M S*M M X X  X X  M - - M . M  M X X  X X  M*M S*S* 
X X X X M M M M X X X X X X X X M - M - s s s s 
- - M M  
X X X X 
X X X X S S S S - S M - X X X X X X X X 
M M  M S  
X X X X X X X X 
X X X X X X X X 
X X X X 
X X X X 
M = Micrococcus sp . iso lated S = Staphylococcus sp . i solated - = No i so lation 
x = No specimens from this  quarter this  month * = Mi lk contained 300 , 000  or more cel l s/ml . U'1 ..... 
Tab le  Sb . Frequency of recovery of micrococci from the quarter mi lk of  a group of  dairy 
cows over a period of 1 4  months . Pen 2 
Month 
1 
2 
4 
6 
9 
10 
1 1  
1 2  
1 3  
14  
Cow 
857  2593  
Quarter 
1 2 3 4 1 2 3 4 
- S* - -
- - M -
X X X X 
. X X X  X 
- S*M*S*  
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
2624 
1 2 3 4 
M 
M - - M 
X X X X 
X X X X 
X X X X 
M*S* 
X X X X 
X X X X 
M S S 
2606 
1 2 3 4 
X X X X 
s -
M 
M M M M  
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
s 
M x S -
26 1 5  
1 2 3 4 
s -
X X X X 
S*S*S*M* 
X X X X 
X X X X 
s - s -
M 
S ·M M 
X X X X 
S = Staphylococcus sp . M = Micrococcus sp . 
2 5 79 
1 2 3 4 
- M - -
M M M M  
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
26 2 1  
1 2 3 4 
M - S * -
M -
M -
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
- M 
X X X X 
- = No iso lation 
2425  
1 2 3 4 
S S M M 
S*S M M  
s 
s s s s 
M M  
X X X X 
M - M M 
X X X X 
X X X X 
X X X X 
X X X X 
2 5 8 3  
1 2 3 4 
- M S -
S - M M 
M 
- M S -
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
2 344 
1 2 3 4 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
x = No specimen from this  quarter this month * = Mi lk contained 300 , 000 or more cel ls /ml . 
u, 
N 
Tab le Be . Frequency of recovery of micrococci from the quarter mi lk of a group of dairy 
cows over a period of 1 4  months . Pen 3 
Month 
Cow 
25 75 
Quarter 
1 2 3 4 
1 S - M -
2 - S M S 
3 M M S -
5 X X X X 
2 5 8 8  2539 
1 2 3 4 1 2 3 4 
M S 
- M 
M -
S - S*M - -
X X X X X X X X 
2 5 8 1  
1 2 3 4 
M M  
M M  
- M 
X X X X 
26 2 7  2477  
1 2 3 4 1 2 3 4 
- - M* -
s -
- S* - M 
X X X X 
6 X X  X X  X X  X X  M*M*- - X X  X X  X X  X X  X X  X X  
7 X X  X X  X X  X X  S*- - S X X  X X  X X  X X  X X  X X  
8 X X X X X X X X X X X X X X X X X X X X X X X X 
9 
10  X X X X 
1 2  X X X X 
. 1 3  X X X X 
14  X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
- - s -
- - - -
- - - -
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
S*S - .  S 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
864 
1 2 3 4 
- s 
- M 
S* -
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
M S - -
M - - -
s - - -
S = Staphylococcus sp . i solated M = Micrococcus sp . i so lated 
· 2 345 
1 2 3 4 
S M 
s -
s -
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
- M - -
X X X X 
- - - -
25 1 1  
1 2 3 4 
- M*M -
- M*S S 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
- = No i so lation 
2 5 3 7  
1 2 3 4 
M - S M 
S S - M 
M M - M 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
x - No , specimens from this quarter this  month * = Mi lk contained 300 , 000 or more cel l s/ml . 
Table 9a. Frequency of recovery of micrococci from the teat skin of a group of dairy cows 
over a period of 5 months. Pen 1 
Cow 
266 1 269 2 
Quarter 
1 2 3 4 1 2 3 4 
Month 
M S S S 
1* M S M S S - S M 
3** M S S S M S  M M  
4#  X X X X S M  M M  
M = Micrococcus sp. 
* = Day 1 , Tab 1 e 2 a 
2625 2666 2654 2652 267 1  2678 2699  
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
M M M S 
X X X X M - S S M S S - - s s S S - M M - - - X X X X 
s 
s s s M S S S S S S M M S S S M M  S M  M M S S M - S 
M M  M S  s s M M M 
S M  M M  M - S S M - S S M M M - - - s s S M M - M M  S M  
M 
S = Staphylococcus sp. 
* * = Day 41, Table 2a 
x = No specimen taken on this date 
# = Day 68, Tabl e 2a 
2658  
1 2 3 4 
- s s s 
S S S M 
M 
M M  M M  
Vt � 
Tab le 9b . frequency of recovery of micrococci from the teat skin of a group of dairy cows 
over a period of 5 months . Pen 2 
C ow 
85 7 2 573  
Quarter 
1 2 3 4 1 2 3 4 
Month 
M 
l *  S M - - X X X X 
s s s 
2**  M M - S S S S M 
s 
4# . S M  M M  S M M S 
M 
M = Micrococcus sp . 
* = Day l, Tab le 2b 
26 24  
1 2 3 4 
- - M M  
M 
S S M S 
M S  S M  
M M S S 
M 
2606 
1 2 3 4 
X X X X 
s s s 
M S S M 
M M S S 
26 1 5  
1 2 3 4 
- - - -
S - M S 
s s s 
M S  M M  
S = Staphylococcus sp . 
* *  Day 3 1 , Tab le 2b 
25 79 
1 2 3 4 
- - - -
M 
S M S S 
M M  
S M S S 
26 2 1  
1 2 3 4 
s s s s 
s 
s s s s 
M S  M S  
2425  
1 2 3 4 
S M  S · S 
s 
M - - -
M 
S S M M 
2 5 8 3  
1 2 3 4 
- s - s 
- - - -
M S S M 
S S M S 
x = No specimen taken on this date 
# Day 67, Tab l e  2b 
2 344 
1 2 3 4 
s 
s s s s 
M 
S S M  M 
V, 
V, 
Tab le 9c . Frequency of  recovery of  mi crococci from the teat ski� of a group of dairy cows 
over a period of 5 months . Pen 3 
Month 
Cow 
2 5 75 2 5 88 2 5 30 
Quarter 
1 2 3 4 1 2 3 4 1 2 3 4 
2 5 8 1  26 2 7  
1 2 3 4 1 2 3 4 
2477  864 2 345  25 1 1  
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
2 537  
1 2 3 4 
l *  - S - S - S M  S S S M  S M - M S  S - S S S S S S M S  - S M S  S S S S S M  M S  M S  
2**  S S S S S S S S S M  S S S S S M  S S S S S S S S S S M  S M M  M S  M M  M M  S S M  S 
3# M M  M S . M M  M M  M M  S M  S M  M M  M M  S S M M  S S M S  S M  M S  M M  S M  S M  S M  S -
M = Micrococcus sp . 
* = Day 1 ,  Tab le 2c 
S = Staphylococcus sp . 
* * = Day 2 1 ,  Tab le  2c  
x = No  specimen taken on this  date 
# = Day 55 , Tab l e  2c 
V, 
°' 
Tab le 10 . 
guarter 
2692-4 
2666- 1 
2666-3 
2654-3 
A comparison of  the characteristics of micrococci i so lated from . 3  success ive t eat 
skin specimens taken at intervals  of 4 to 6 weeks from a group of dairy cows . 
Sampl e  
Number 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Acid from 
Glucos e -
Anaerobic  
+ 
+ 
+ 
+ 
+ 
+ 
Mannito l -Sal t  
Growth Acid  
+ + 
+ 
+ + 
+ + 
+ + 
+ + 
+ + 
+ 
+ 
+ 
+ + 
+ 
Hemol_lsis . Pigment Coagulas e  
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ = pos itive for the reaction or characteris tic . = negative for the reaction or characteris ti c . 
u, 
--..J 
Tab le 10 . (continued) A comparison of  the characteris tics of  micrococci i so lated from 
3 succes sive teat skin specimens taken at intervals of 4 to 6 weeks from a 
group of dairy cows . 
.Q.uarter 
2477 - 3  
2477-4  
863 - 2  
25 1 1 -4 
Samp le 
Number 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Acid from 
Glucos e 
Anaerobic  
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Mannito l -Salt  
Growth Acid 
+ 
+ 
+ + 
+ + 
+ + 
+ 
+ + 
+ + 
+ + 
+ + 
+ + 
+ 
Hemolysis  Pigment 
+ + 
+ 
+ + 
+ + 
+ + 
+ 
+ + 
+ + 
+ 
Coagu las e  
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Tab le 1 0 . (continued) A comparison of the characteris tics of micrococci i so lated from 
3 succes sive teat skin specimens taken at interval s  of 4 to 6 weeks from a 
group of dairy cows . 
Quarter 
2575-4 
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2627-3 
2627-4 
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+ + 
+ 
+ 
+ 
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+ + 
+ + 
+ + 
+ . + 
+ + 
+ + 
+ + 
+ 
+ 
+ 
+ + 
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Coagul as e  
+ = pos itive for the reaction o r  characteristic . = negative for the reaction or characteristic . 
V1 
1,0 
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Table 1 1 . A summary of the frequency distribution of micrococci 
isolated from the milk, streak canal, and the teat skin 
of a group of dairy cows. 
% of 
% of micrococci 
Number Total isolated 
Milk Specimens 80 
Positive for micrococci 14  17. 5 
Positive for Staphylococcus spp . 8 10 . 1  5 7 .1 
Positive for Micrococcus spp . 5 6. 25 35.7  
Positive for Both 1 1 . 25 7.14 
Streak Canal Specimens 80 
Positive for micro cocci 30 37 .5 
Positive for Staphylococcus spp . 1 1  1 3. 75 36 . 6  
Positive for Micrococcus spp. 18 2 2. S 60 . 0  
Positive for Both 1 1 . 25 3 . 3  
Skin Specimens 80 
Positive for micrococci 2 3  28. 75 
Positive for Staphylococcus spp. s 6. 25 21. 7 
Positive for Micrococcus spp. 17 21.25 73. 9 
Positive for Both 1 1. 25 4. 3 
These findings agree with those of other workers who found 
micrococci of many genera and species and with various charac­
teristics capable of causing inflammation of the udder (3, 8, 14, 19 
20, 25, 32,5 3,55) .  I t  is contrary to the opinion of others who 
believe that micrococci which are pathogenic to the bovine udder 
have certain characteristics which are definable in the 
laboratory (10, 13,2 1,28,44,52) . 
Micrococcus spp. (2 3 . 6%) were found more frequently in the milk 
from the dairy cows than were Staphylococcus spp. (13 . 5%) (Table 6) . 
Their distribution in the streak canals was approximately equal 
(Micrococcus spp. 36. 9%, Staphylococcus spp. 39. 1%) (Table 6) . 
Staphylococcus spp. (45. 1%) were isolated from the teat skin more 
often than were Micrococcus spp. (29.4%) (Table 6) . 
There are few indications of permanent infection of -the glands 
by one species of micrococci (Table 8a, 8b, and 8c) . A quarter 
which was found to shed Staphylococcus spp. at one time frequently 
shed Micrococcus spp . or no organisms the next time a sample was 
taken. Of the 120 quarters represented in this study, only 7 shed 
either a Micrococcus sp . or Staphylococcus sp. each of the 3 
times consecutive samples were taken (Table 3) . In each of these 
instances, the organisms differed in some characteristic from the 
organisms isolated from the same quarter before or after (Table 3) . 
A Stap}:iylococcus sp . or Micrococcus sp. was isolated from each 
of 3 consecutive samples taken from 1 1  streak canals (Tables Sa, Sb, 
and Sc) and the skin of 12 teats (Tables 9a, 9b, and 9c) . 
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These findings are probably less significant than those from the 
milk due to the greater number of colonies which grew from these 
sources and the increased chance that dissimilar organisms might 
not be picked for characterization. Although these organisms in 
each of these cases apparently belong in the same genus, they 
differed consistently in some of their characteristics (Tables 4 
and 10) . 
C .  The Beef Cows 
It is obvious that the environment of the modern dairy cow 
is not a · natural one. They are frequently kept in crowded and 
close quarters, and various types of disinfectants are used to 
bathe the udders. They are fed large amounts of concentrated feed 
and, most unnatural of all, they are milked by a machine. The 
bacterial flora of the udders of these animals is affected by this 
environment and so must be considered unnatural. 
In an effort to learn more about the natural or normal flora 
of the bovine udder, the study of the udder of beef cows seems 
logical. Their environment, ration and means of being milked 
certainly more closely approach the normal than do those of the 
dairy cow. With this in mind, a comparison of what was found upon 
examination of the udders and milk of 20 beef cows with what was 
found upon examination of the udders and milk of 30 dairy cows may 
shed some · light on the subject of the ecology of the micrococci 
of the bovine udder (Fig. 3) • 
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Table 12. Characteristics of micrococci isolated from milk, streak 
canal, and teat skin of a group of 20 beef cows (80 
s amples each source) . 
Number of micrococci isolated 
Staphylococcus spp. 
Number 
Per cent 
Micrococcus spp. 
Number 
Per cent 
Characteristics of Staphylococcus spp. 
Anaerobic fermentation of mannitol 
Number 
Per cent 
Coagulase production 
Number 
Per cent 
Pigment production 
Number 
Per cent 
Hemolysin production 
Number 
Per cent 
Growth of M-S agar 
Number 
Per cent 
Acid from mannitol on M-S agar (aerobic) 
Number 
Per cent 
Milk 
18 
1 0  
55.5 
8 
44. 5 
5 
so . a  
6 
60.0 
3 
30.0 
2 
20.0 
7 
70.0 
4 
40.0 
Streak Teat 
Canal Skin 
32 29 
12 8 
62.5 27.6 
20 2 1  
62. 5 72 . 4  
9 3 
75.0 37.S 
9 0 
75.0 0 
0 0 
0 0 
6 0 
50.0 0 
10 5 
8 3. 3  62 . 5  
9 5 
75.0 62 . 5  
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Table 12. (continued) Characteristics of micrococci isolated from the 
milk, streak canal, and teat skin of a group of 20 beef cows 
(80 samples each source) . 
Characteristics of Micrococcus spp. 
Streak Teat 
Mi lk Canal Skin 
Anaerobic fermentation of mannitol 
Number 0 0 0 
Per cent 0 0 0 
Coagulase production 
Number 0 0 0 
Per cent 0 0 0 
Pigment production 
Number 4 1 2  6 
Per cent 50 . 0 60.0 28. 6 
Hemolysin production 
Number 1 1 1 
Per cent 1 2 . 5 60.0  28. 6 
Growth on M-S agar 
Number 3 1 8  20 
Per cent 37 . 5 90.0  95 . 2  
Acid from mannitol on M-S agar (aerobic) 
Number 3 16  1 7  
Per cent 37 . 5  80. 0  80. 9 
Micrococci were isolated from 14 ( 17. 5%) of the 80 beef 
cow milk samples (Table 11) .  This is approximately one-half the 
infection rate ( 39 . 5%) found in the dairy cows (Table 6) . 
The ratio of Staphylococcus spp . to Micrococcus sp (57. 1% to 
35.7%) found in the beef cow milk was approximately the reverse 
of that which was seen in the dairy cow milk ( 34. 1% to 59.5%) . 
( Fig. 3, Tables 6 and 11) . 
Of the 80 streak canal specimens taken from the beef cows, 
micrococci were isolated from 30 ( 37.5%) . Again this is 
approximately one-half the infection rate (78. 1%) found in the 
dairy cows. (Fig . 3, Tables 6 and 11) . Of the micrococci 
isolated from the streak canals of the beef cows, 1 1  ( 36.6%) 
were Staphylococcus spp. and 19 (60%) were Micrococcus spp. 
Organisms of both genera were isolated from 1 ( 1. 25%) of the 
beef cow streak canals. In the streak canals of the dairy cows, 
the ratio of Staphy-lococcus spp. to Micrococcus spp. was about 
I to 1 and about 3. 2% of the streak canals had organisms of both 
genera present (Fig. 3, Tables 6 and 11) . 
Of the 80 skin specimens taken from the teats of the beef cows , 
23 (28. 75%) had micrococci while these organisms were found in 
84. 8% of the samples taken from the skin of the teats of the 
dairy cows ( Fig. 3, Tables 6 and 1 1) .  
The ratio of Staphylococcus spp. to Micrococcus spp. of the 
micrococci isolated from the skin - of the teats of the beef cows 
was 6. 25% to 2 1. 25% while in the dairy cow samples it was 45 . 1%  to 
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to 35. 6% (Fig. 3, Tables 6 and 1 1) .  
Staphylococcus spp. were found about 3 times as frequently in 
the streak canal and about 9 times as frequently on the teat skin 
of the milk cows as in the beef cows (Fig. 3) . The portion of 
streak canals and teat skin infected with Micrococcus spp. was not 
ve.ry different in the 2 groups of cows (Fig. 3) . 
Swabs of the teat skin of many of the beef cows produced a 
heavy growth of green (alpha hemolytic) streptococci. The 
possibility arises that these streptococci compete with Staphylococcus 
spp. to the detriment of the latter. The artificial environment 
of the milk cows may reduce the streptococcal population and allow 
Staphylococcus spp. to predominate . 
Characteristics of the micrococci isolated from the beef cows 
were generally similar to those isolated from the milk cows (Tables 
1 and 12) . Number or ratio comparison do not seem warranted 
because of the disparity in number of samples taken from the 2 groups. 
The major exception is the much more frequent finding of coagulase 
positive staphylococci in the beef cow specimens. 
The findings concerning the coagulase positive staphylococci seem 
quite significant. These organisms are generally considered the most 
pathogenic of the micrococci. Six were recovered from the teat skin 
and g from the streak canals of the milk cows at the beginning of the 
trial and for all practical purposes disappeared w�thout any special 
effort to eliminate them. None was recovered from the milk of 
the dairy cows. On the surface it would appear that some 
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reservoir for these organisms other than the teat skin and 
streak canal must exist in order for them to persist. On the 
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other hand the presence of several infected glands and streak canals : ;� , 
in the beef cows indicates some exogenous source may exist. There 
is little opportunity for transmission of an organism from the 
udder of one beef cow to that of another. A calf seldom nurses 
more than one cow. Of these 20 beef cows, 8 had glands or 
streak canals or both, infected with coagu lase positive staphylococci 
(Table 1 2) .  The oral cavity of calves may be considered a reservoir 
of these organisms, but this would not explain their initial origin. 
There is no logical explanation for the occasional appearance of 
this type organism on the teat skin and streak canal of the milk cows 
in this case unless there is an exogenous source. 
There is a basic dispute among contemporary· mastitis 
researchers . Some think that staphylococcic mastitis is basically 
a contagious disease and that once a "pathogenic" (usually defined 
as coagulase positive and/or beta hemolytic) staphylococcus 
established itself in the mammary gland, disease (mastitis) will 
inevitably result. 
Other workers believe that Staphylococcus spp .· are opportunistic 
by nature and that their abi lity to cause disease depends greatly 
upon the relative susceptibility or resistance of the host. 
Staphylococcus spp. with various degrees of innaie pathogenicity are 
thought to be frequent, though often u�ansient inhabitants of the 
bovine mammary g land. These people are convinced the effect these 
organisms have on the gland tissue is directly related to the 
stress placed upon this tissue which reduces its ability to 
resist the invader. 
In this light the following findings are of interest. Only 
5 quarters (6%) of the beef cows produced milk with 300,000 or more 
cells per ml. The milk from 2 quarters had 500,000 cells per 
ml and none had more than this. 
Since the beef cow.- had been nursed dry about 3 hours prior 
to the samples being taken, the milk in the samples would be 
considered - "residual milk". It has been demonstrated that this 
milk contains 6 to 10 times the number of cells that midmilk from 
the same quarter contains (48) . Considering this, it is probable 
the none of these quarters could truly be classified as mastitic. 
So despite the fact that 14 ( 17 . 5%) of the quarters of the beef 
cows apparently were infected with Staphylococcus spp. (some 
coagulase positive) or Micrococcus spp. no mastitis could be 
demonstrated in any of the quarters. 
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SUMMARY AND CONCLUS IONS 
1. Nutrient broth with 1 -20 , 000 Na azide proved to be a useful 
medium for the isolation of Staphylococcus spp. and Micrococcus 
spp. from specimens contaminated with Gram positive and Gram 
negative rods . This medium does not inhibit streptococci. 
2. There is an indication that the number of mammary glands . 
streak canals, and teat surfaces which were infected with 
Staphylococcus spp. and Micro coccus spp. · continually increases 
throughout the lactation period of dairy cows. 
3. Micrococci are found less ·frequently in the milk than in the 
streak canals or on the skin of the teats of both dairy and beef cows. 
4. There is little evidence that the skin of the teats or the 
streak canals are a maj or source of intramammary infection by 
micrococci or that the reverse is true. 
S. Micrococci apparently do colonize a streak canal for a period 
of at least S months in some instances. 
6. There is no evidence that S. aureus colonizes the normal skin 
of the teats . 
7. No correlation was shown between the incidence of infection of 
the streak canals and the skin of the teats and the incidence of 
intramammary infection of the dairy cows. 
8. Micrococci isolated from glands which produced milk with · 
cell contents greater than 300,000 per ml did not have charac­
teristics different from organisms isolated from glands producing 
milk with lower cell content. 
' I 
70 
9. Micrococci of various species and characteristics appear 
to be frequent transi ent invaders of the mammary gland of dairy 
cows . 
10 . In the 2 groups of cows used in this study, the incidence 
of micrococcal infect ion of the glands and streak canals of the 
beef cows was approximately one-half and the micrococcal infection 
of · the skin of the teats only about one-fourth of that found in the 
dairy cows . 
1 1. Staphylococcus spp. were recovered 3 times as frequently from 
the streak canals and 7 times as frequently from the skin of the 
teats of the dairy cows as from the beef cows. 
12. Micrococci which inhabit the udders of beef cows appear to be 
similar in characteristics to those which inhabit the udders of 
dairy cows. 
1 3. Some source other than infected glands, streak canals, and teat 
surfaces is indicated for the coagulase positive staphylococci 
which occasionally invade the bovine udder. 
14. No evidence is found that the invasion of the mammary gland by 
a coagulase producing staphylococcus invariably produces disease. 
15. The possibility that alpha hemolytic streptococci may competively 
inhibit the growth of staphylococci on the skin of the teats is a 
subj ect worthy of future study. 
• I 
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